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SCIENCE AND MEDICINE

Antibiotics that protect the brain

ommon antibiotics might

do more than just kill bac-
teria. New research suggests
that some antibiotics can protect
against the nerve damage associ-
ated with diseases such as amy-
otrophic lateral sclerosis (ALS),
dementia, stroke and epilepsy.
The beneficial effects of a family
of B-lactam antibiotics, which
includes antibiotics such as
penicillin, was recently discov-
ered by Jeffrey Rothstein and
colleagues,' who found that
these antibiotics could protect
against the dysfunctional effects
of the neurotransmitter gluta-
mate in mice by activating the
expression of a glutamate trans-
porter. This finding suggests a
new role for some of the most
commonly used pharmaceuticals
in the world.

Glutamate’s Jekyll-and-Hyde
effects

The amino acid glutamate has
long been a target in the search
for drugs to modify neurologic
effects. Such interest is based
on the fact that glutamate is a
workhorse of the mammalian
central nervous system (CNS),
functioning primarily as an ex-
citatory neurotransmitter but
also contributing to learning
and memory.? However, when
present in excessive amounts or
for prolonged periods in the
brain, glutamate has a dark
side: in such situations, it can
destroy neurons and thereby
contribute to neurodegenera-
tive diseases.’
Glutamate-mediated toxicity
is thought to result from the
malfunctioning of glutamate’s
release and reuptake cycle. Nor-
mally, glutamate present in the
cytoplasm of a neuron is trans-
ported into synaptic vesicles,
subsequently released into the
synaptic cleft to initiate neuro-
transmission, and then reab-
sorbed by neurons and sur-
rounding glial cells to terminate
its action. The rapid removal of
glutamate from the extracellular

space prevents neurons from be-
ing exposed to its toxic effects, a
feat accomplished by proteins
called excitatory amino acid
transporters (EAATSs), whose
malfunction can directly result
in neurotoxic effects.

Five EAATSs are currently
known in humans, but EAAT?2
appears to be a particularly im-
portant glutamate transporter.
EEAT?2 provides 90% of the to-
tal glutamate uptake, and its al-
tered expression in several neu-
rodegenerative diseases suggests
an important role in their
pathophysiology.? For example,
the selective loss of EAAT? ex-
pression has been shown to be
correlated with the development
of ALS and epilepsy.’

The importance of EAAT?2
in balancing glutamate’s posi-
tive and negative effects makes
this protein a prime target in
the search for drugs to combat
neurodegenerative diseases.
Nevertheless, there is as yet no
practical pharmaceutical capa-

ble of positively modulating
EAAT2.!

New tricks for old drugs

Rothstein and colleagues’ work
therefore represents a signifi-
cant step forward in the search
for drugs that modulate EAAT?2
expression. They screened 1040
FDA-approved drugs and nutri-
tionals as part of a National In-
stitutes of Health project to
search for potential new uses for
these compounds. Rothstein and
colleagues performed blinded
screens that involved adding
each drug to rodent spinal cord
tissue cultures for 5-7 days and
then determining the expression
levels of GLT1, the mouse
equivalent of human EETA2, in
each tissue sample.

Of the 1040 drugs, the struc-
turally related family of B-lac-
tam antibiotics, which include
penicillin and cephalosporin an-
tibiotics, were surprisingly ef-
fective at increasing the levels of
rodent GLT1 protein expres-

sion. And in the case of the rep-
resentative cephalosporin, cef-
triaxone, this induction oc-
curred at a concentration found
in the CNS during ceftriaxone
therapy for meningitis.* In con-
trast, non P-lactam antibiotics
such as kanamycin and van-
comycin had no effect on
GLT1 protein expression. The
effect of B-lactam antibiotics
also extended to human cells
lines, where Rothstein and col-
leagues revealed that the
EAAT?2 promoter could be sim-
ilarly activated.

Rothstein and colleagues
went on to look at the effect of
ceftriaxone in adult rats. They
found that a 5-7 day course of
ceftriaxone increased GLT1 ex-
pression in the rat brain three-
fold. This increase correlated
with higher levels of glutamate
transport in these animals, sug-
gesting that the biochemical ac-
tivity of GL'T'1 also increased on
ceftriaxone exposure. Similar ex-
periments with penicillin re-
vealed that this antibiotic was
also capable of increasing the
biochemical activity of GLT1,
although to a lesser extent than
ceftriaxone, a fact Rothstein and

Two rat hippocampal neurons expressing lipid
modified YFP. The lipid modifications cause
them to be concentrated 1) at sites of cell:cell
contact, presumably synapses and 2) in the
growth cones of growing branches. Reprinted
with permission by Dr. David Zacharias, The
Whitney Laboratory for Marine Bioscience.
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colleagues suggest is due to
penicillin’s inability to penetrat-
ing the brain as effectively as
ceftriaxone.

No therapies currently exist
to modulate glutamate-medi-
ated injury through glutamate
transporters. However, Roth-
stein and colleagues hypothe-
sized that increasing the levels
of glutamate transporters such
as EAAT2/GLT1 may help
protect neurons from injury.
The research group therefore
wondered whether B-lactam an-
tibiotics could protect neurons
from the negative effects of glu-
tamate. In one set of experi-
ments designed to test this hy-
pothesis, daily injections of
ceftriaxone were given to mice
engineered to develop symp-
toms similar to ALS, including
muscle weakness and loss of

body weight. In each case, cef-
triaxone therapy delayed the on-
set of these symptoms, ulti-
mately extending the lifespan of
these mice by 10 days as com-
pared to untreated animals.
Although preliminary, Roth-
stein and colleagues’ results sug-
gest that commonly used B-lac-
tam antibiotics might provide
some protection against nerve
damage. It is still too early to
begin prescribing such antibi-
otics, since such measures must
await a formal clinical trial to as-
certain any benefit in human pa-
tients. However, such a trial
does not appear to be far off. A
press release from Johns Hop-
kins, where Rothstein and col-
leagues undertook their current
study, states that a study of the
effect of ceftriaxone treatment
in ALS patients is set for the

spring (www.hopkinsmedicine.
org/Press_releases/2005/01_05_
05.html). Thus, it appears that
drugs praised for their ability to
kill bacteria might still have a
few undiscovered tricks up
their sleeves. — David Secko,
Vancouver
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How you can get involved in the CMA!

The CMA is committed to providing leadership for physicians and promoting the highest standard of health and health care
for Canadians. To strengthen the Association and be truly representative of all Canadian physicians, the CMA needs to hear
from members interested in serving in elected positions and on appointed committees and advisory groups.

The CMA structure comprises both governing bodies and advisory bodies either elected by General Council or appointed by
the CMA Board of Directors. The Board of Directors — elected by General Council — has divisional, affiliate, resident and
student representation, is responsible for the overall operation of the CMA and reports to General Council on issues of gover-
nance. CMA councils and committees advise the Board of Directors and make recommendations on specific issues of concern
to physicians and the public. Four core councils and committees consist of either divisional or regional representation, while
other statutory and special committees, and expert working and project advisory groups comprise individuals with interest and
expertise in subject-specific fields. Positions on one or more of these committees may become available in the coming year.

For further information on how you can get involved, please contact:

Paula Wilson
Strategic & Corporate Affairs
Canadian Medical Association

1867 Alta Vista Drive
Ottawa ON K1G 3Y6
Fax 613 526-7570
Tel 800 663-7336 x2047
involved@cma.ca

We hope to hear from you!

By getting involved, you will have an opportunity to make a difference.
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